Preemptive kidney transplantation is the optimal treatment for pediatric End Stage Renal Disease (ESRD) patients to avoid increased morbidity and mortality associated with dialysis. It is unknown how race/ethnicity and poverty influence preemptive transplant access in pediatric ESRD. We examined the incidence of living donor (LD) or deceased donor (DD) preemptive transplantation among all black, white, and Hispanic children (< 18 years) in the United States Renal Data System from 2000-2009. Adjusted risk ratios for preemptive transplant were calculated using multivariable-adjusted models and examined across health insurance and neighborhood poverty levels. Among 8,053 patients, 1117 (13.9%) received a preemptive transplant (66.9% from LD, 33.1% from DD). In multivariable analyses, there were significant racial/ethnic disparities in access to LD preemptive transplant where blacks were 66% (RR=0.34; 95% CI: 0.28-0.43) and Hispanics 52% (RR=0.48; 95% CI: 0.35-0.67) less likely to receive a LD preemptive transplant vs. whites. Blacks were 22% less likely to receive a DD preemptive transplant vs. whites (RR=0.78, 95% CI: 0.57-1.05) although results were not statistically significant. Future efforts to promote equity in preemptive transplant should address the critical issues of improving access to pre-ESRD nephrology care and overcoming barriers in living donation, including obstacles partially driven by poverty.
Introduction
Among both deceased donor (DD) and living donor (LD) transplant recipients, the number of years on dialysis negatively correlates with patient and graft survival 1, 2 . Renal transplant recipients have better survival and a higher quality of life than dialysis patients 3 . Preemptive renal transplantation, defined as transplantation prior to the initiation of dialysis, is the optimal treatment for patients with End Stage Renal Disease (ESRD) 4, 5 because it avoids the increased morbidity and mortality associated with dialysis, creation of surgical dialysis access and its complications, and the costs of dialysis 6, 7 . Despite health care coverage for treatment of ESRD through Medicare, preemptive LD or DD kidney transplantation remains highly underutilized in the United States (U.S.); only 3.2% of incident ESRD patients < 70 years of age received a preemptive transplant in 2009 4, 8 .
In the pediatric ESRD population, where long-term outcomes take on added significance, the potential benefits of preemptive transplantation are multiplied 8 . Pediatric patients on chronic dialysis have markedly increased rates of cardiovascular disease, bone-mineral dysregulation and impaired cognitive function vs. those who are transplanted [9] [10] [11] [12] [13] [14] . The influence of these comorbidities is demonstrated by the 95% 5-year patient survival rate of children who receive a preemptive transplant, compared to 75% for those who receive hemodialysis as their initial treatment 15 . Preemptive transplantation requires early recognition of kidney disease progression and thus necessitates early access to pre-ESRD nephrology care. In a study of 111 children in Austria, those with at least 12 months of pre-ESRD nephrology care were more than twice as likely to receive preemptive kidney transplant vs. those with less than one year of care 16 . Access to pre-ESRD nephrology care may be more challenging for minority children who more often lack insurance or a medical home [17] [18] [19] [20] .
Racial disparities in preemptive transplantation have been reported in the adult ESRD population, where the odds of preemptive kidney transplantation among whites are more than twice as high than blacks and about 1.6 times higher than Hispanics 21 . Several small, single-center studies have reported racial/ethnic differences in children who present for preemptive kidney transplantation versus those who receive transplantation following dialysis [22] [23] [24] , but these disparities have not been examined nationally. We previously documented racial disparities in non-preemptive transplant access among pediatric ESRD patients, where black and Hispanic children in the U.S. have reduced access to DD kidney transplantation even after accounting for differences in SES 25 . Further, racial disparities in non-preemptive LD transplant exist, and following the implementation of the Share 35 allocation policy to preferentially allocate young (< 35 years) donor organs to young (< 18 years) recipients, the decline in non-preemptive LD transplants was more substantial among minority compared to white pediatric ESRD patients 26 . Whether racial disparities in access to pediatric preemptive transplant vary by donor source, DD vs. LD, is unknown. The goal of our study was to characterize racial/ethnic disparities in access to preemptive transplant among the national cohort of children with ESRD over the last decade (2000-2009), considering both donor source (LD vs. DD) and SES. virtually 100% complete 15 . Data on neighborhood poverty were obtained from Census 2000 by patient ZIP Code. There were 10,145 ESRD patients < 18 years of age who entered the Medicare ESRD program from January 1, 2000 through December 31, 2009 . Due to small sample size, patients with race/ethnicity other than white non-Hispanic (white), white-Hispanic (Hispanic), or black non-Hispanic (black) were excluded (n=1247). Patients were excluded if missing a ZIP Code (n=17) or if ZIP Code could not be linked with census data (n=311). We excluded patients who had previously received a transplant (n=517). Thus, 8,053 patients were included in our analyses.
Study Variables
The primary outcome of interest was receipt of a LD or DD preemptive transplant (yes/no), defined as a transplant with no history of dialysis. Self-reported race/ethnicity was the primary effect of interest. Etiologic research attempting to isolate race/ethnicity as a cause of a health outcome has an ambiguous interpretation 27 , thus we attempted to estimate the effects of race/ethnicity as a contextual and social, rather than a biologic determinant 28 . Demographic and clinical covariates included patient age, sex, organ procurement organization (OPO) region, etiology of ESRD, and BMI. We examined pre-dialysis erythropoiesis-stimulating agent (ESA) use, hemoglobin ≥11 g/dL and serum albumin ≥ 3.5 g/dL at ESRD start as proxies for early access to nephrology care. We examined year of entry into the ESRD Medicare program to examine time trends over the decade. Prior research has established a role of contextual or neighborhood-level SES indicators above and beyond individual-level SES [29] [30] [31] [32] . We estimated SES using health insurance as a proxy for individual SES and ZIP Code poverty at incident ESRD as a proxy for neighborhood SES using 2000 U.S. Census Bureau summary file 3 data on the proportion of individuals residing below the federal poverty level. Health insurance at incident ESRD was categorized as private (employer), public (Medicaid, Medicare, VA, or combination), other, or no health insurance. Rural Urban Commuting Area (RUCA) codes were obtained from the Community Health Status Indicators Project, linked with patients by ZIP Code, and considered a proxy for neighborhood-level access to care.
Statistical Analysis-Chi-square tests and t-tests (or non-parametric equivalents of the ttest) and exact statistics were used to examine differences between demographic and clinical characteristics of patients by race/ethnicity. To examine whether racial/ethnic differences exist in preemptive kidney transplantation, we calculated incident preemptive transplant count divided by total incident ESRD patients per calendar year separately by race/ethnicity. Incidence of preemptive transplantation was calculated separately by donor type (LD and DD). We derived 95% Confidence Intervals (CIs) for risks using binomial exact intervals.
To examine the multivariable-adjusted association of race/ethnicity and preemptive transplant, Risk Ratios (RR) and 95% CIs were calculated using multivariable log-binomial regression models accounting for potential correlation of observations within OPO Region through the use of generalized estimating equations that assumed an exchangeable (compound symmetric) covariance structure. To examine whether disparities in LD or DD preemptive transplantation varied by SES, we conducted stratified analyses examining the incidence of preemptive transplant by SES variables. Lastly, because pediatric priority allocation changed in 2005 with the implementation of Share 35 and there is evidence to support a reduction in racial disparities in access to transplantation for children after Share 35, we conducted an additional analysis stratifying by era: pre-vs. post-Share 35.
Secondary Analyses-Because one of the primary driving forces of preemptive transplant is to avoid dialysis exposure and dialysis associated morbidity, we compared the proportion of subjects within each racial/ethnic category by dialysis exposure time. We also wanted to examine whether access to preemptive LD transplant was more marked than previously reported disparities in LD transplant overall (preemptive and non-preemptive) 26 . We therefore examined the racial/ethnic composition of all patients who were transplanted, by donor source and preemptive vs. non-preemptive status.
Additionally, in 2005, the USRDS CMS-2728 form began to capture data on whether a patient was under the care of a nephrologist prior to ESRD. While our study period spanned 2000-2009 and thus > 50% of the study population did not have this information, we examined this among the 2005-2009 cohort.
Lastly, to ensure patients examined in analyses were eligible for transplant, we examined racial differences in the incidence of preemptive transplant among 1) waitlisted, and 2) transplanted patients only (i.e. excluded those not waitlisted).
Two-tailed p-values <0.05 were considered statistically significant in analyses. Missing covariate data, including those with missing albumin (12.9%), hemoglobin (6.3%), or other covariates (<3%) were handled by creating a missing category in multivariable analyses and conducting sensitivity analyses excluding missing data. All analyses were performed with SAS software (v9.2). The Emory University Institutional Review Board approved this study.
Results

Demographics of Pediatric ESRD Study Population by Race/Ethnicity
There were significant clinical and demographic differences by race/ethnicity at incident ESRD among the national, pediatric ESRD population. Blacks were older, and more likely to be overweight and have renal disease due to lupus nephritis or focal segmental glomerulonephritis compared with whites and Hispanics. Whites were more likely to have normal serum albumin levels and receive pre-dialysis ESA with less anemia compared with Hispanics and blacks. Minority patients were more likely to have public vs. private health insurance, live in urban vs. rural residential areas, and reside in high poverty neighborhoods compared to white patients (all p<0.0001) ( Table 1 ).
Characteristics of Preemptive Kidney Transplant Recipients-Among 8,053
patients who registered in the ESRD Medicare program from 2000-2009, 1,117 patients (13.9%) had a start date of ESRD equivalent to their transplant date and no history of dialysis, including 66.9% (n=747) LD preemptive transplants (Table 2A ) and 33.1% (n=370) DD preemptive transplants (Table 2B ). Although only 48.3% of the incident pediatric ESRD population was white, they represented 71.8% of all preemptive transplant recipients. Hispanics and blacks represented only 17.3% and 10.9%, respectively, of the preemptive transplant population. Racial/ethnic differences were also evident in the type of preemptive transplant received, where a greater proportion of white preemptive transplant recipients had a LD preemptive transplant (74.7%) vs. Hispanics (47.7%) and blacks (45.9%) compared to a DD preemptive transplant (p<0.0001). Significant socioeconomic differences existed among those patients who were preemptively transplanted. While only 33.8% of the total study population had private health insurance, 59.3% of white LD preemptive transplant recipients had private insurance vs. 33.7% of Hispanics and 42.9% of blacks (p<0.0001) (Table 2A ). Half (50.3%) of white DD preemptive transplant recipients had private insurance vs. only 11.9% of Hispanics and 16.7% of blacks (p<0.0001) (Table  2B) .
Trends in Preemptive Transplantation: 2000-2009-The incidence of preemptive transplantation varied significantly over the past decade, with a significant decrease in the incidence of LD preemptive transplant (p=0.0003) and a significant increase in DD preemptive transplant (p<0.0001) ( Figure 1 ). These trends are consistent with the rise in the utilization of non-preemptive DD organs and the fall in non-preemptive LD transplantation among pediatric ESRD over the last decade 26 .
The average annual incidence of LD preemptive transplant was 154.0 per 1,000 ESRD patients among whites (95% CI: 142.8-165.7), 41.1 per 1,000 ESRD patients among Hispanics (95% CI: 33.5-50.6), and 28.8 per 1,000 ESRD patients among blacks (95% CI: 21.8-37.3). While the incidence of preemptive LD transplant has decreased among whites (p<0.0001), it has remained fairly stable among Hispanics (p=0.8546) and blacks (p=0.2800) ( Figure 2A ).
The average annual incidence of DD preemptive transplant was 52.2 per 1,000 ESRD patients among whites (95% CI: 45.4-59.6), 45.5 per 1,000 ESRD patients among Hispanics (95% CI: 37.2-55.0) and 34.0 per 1,000 ESRD patients among black patients (95% CI: 25.9-43.0). While the incidence of DD preemptive transplant increased significantly among whites (p=0.0044) and Hispanics (p=0.0080), it did not change among blacks (p=0.5815) ( Figure 2B ). Similarly, the racial/ethnic differences in preemptive transplant access by donor type are consistent with trends in non-preemptive LD and DD transplant access. 26 Incidence of Preemptive Transplant Across SES Levels-Among patients with private, public, and no health insurance, white pediatric patients had a higher incidence rate of LD ( Figure 3A ) and DD ( Figure 3B ) preemptive transplant compared to minorities (p<0.05). Similarly, white patients had a higher incidence of LD transplant across levels of neighborhood poverty, where even among wealthy (0-4.9% of zip code below poverty level) neighborhoods, the incidence rate of LD transplant was 204.1 per 1,000 ESRD patients for whites (95% CI: 178.6-231.5) vs. 83.3 per 1,000 ESRD patients for Hispanics (95% CI: 40.7-147.9) and 56.3 per 1000 ESRD patients for blacks (95% CI: 24.6-108.0) (p<0.0001).
Neighborhood poverty was not significantly associated with DD preemptive transplant. However, access to DD preemptive transplant was higher among those with either private, public, or other insurance (45.9, 51.7, and 41.2/1000 ESRD patients, respectively), compared to those with no health insurance (10.8/1000 ESRD patients) (p<0.05). This access based on health insurance status was consistent across racial/ethnic groups (interaction between race/ethnicity and insurance not significant). For example, among patients who were privately insured, there were no racial/ethnic differences in access to DD preemptive transplantation. Similarly, access to DD preemptive transplant did not vary significantly across levels of neighborhood poverty (interaction between race/ethnicity and neighborhood poverty, p=0.2372).
Multivariable-adjusted Analyses-Crude and multivariable Risk
Ratios for the effect of minority race/ethnicity on preemptive kidney transplantation by donor type are presented in Table 3 . In crude analyses, both black (RR=0.18; 95% CI: 0.14-0.24) and Hispanic (RR=0.32; 95% CI: 0.24-0.43) pediatric ESRD patients had a lower relative incidence of LD preemptive transplant compared to whites. Disparities in access to LD preemptive transplant were nominally mitigated by adjustment for disease etiology (model 2) and further adjustment for demographic, clinical, socioeconomic and geographic factors reduced disparities (models 3 and 4) only modestly mitigated disparities. Factors associated with LD preemptive transplant included albumin >3.5 g/dL, hemoglobin > 11 g/dL, private or other health insurance status (vs. public), low (vs. high) neighborhood poverty, older age, and cystic/hereditary etiology of ESRD. Even in the fully adjusted model (model 4), the relative incidence of LD preemptive transplant was 66% lower among blacks compared to whites (RR=0.34; 95% CI: 0.28-0.43) and 52% lower among Hispanics compared to whites (RR=0.48; 95% CI: 0.35-0.67).
In crude models, blacks had a 37% lower incidence of DD preemptive transplant vs. whites (RR=0.63; 95% CI: 0.47-0.85), but differences between Hispanics and whites were not statistically significant (RR=0.89; 95% CI: 0.73-1.09). Disparities in access to DD preemptive transplant for both blacks and Hispanics seemed largely driven by disease etiology (model 2), where adjusting for diagnosis at incident ESRD resulted in a reduction in the disparities to a statistically non-significant level. In addition, the inclusion of further demographic, clinical, socioeconomic and geographic factors did not substantially change the point estimates nor the confidence intervals. In fully-adjusted models (model 4), blacks had a 22% lower incidence of DD preemptive transplant compared to whites (RR=0.78; 95% CI: 0.57-1.05), although differences were not statistically significant. There were no racial/ethnic differences in access to DD preemptive transplant among Hispanics vs. whites in multivariable-adjusted models (RR=1.03; 95% CI: 0.81-1.30).
Stratified Analyses by Share 35 Era-Overall, the effect of race/ethnicity on preemptive transplant access did not significantly vary by Share 35 era (interaction p=0.1500 for DD and p=0.8151 for LD preemptive transplant access) in multivariable analyses (results not shown). However, we investigated trends in preemptive transplant access in age and sex-adjusted stratified analyses based on recent reports of an attenuation of disparities in access to non-preemptive transplant 26 . There were no significant black vs. white racial/ethnic disparities in access to preemptive DD transplant (RR=0.88; 95% CI: 0.63-1.23) pre-Share 35. However, following Share 35, there were significant black vs. white disparities in preemptive DD transplant access (RR=0.44; 95% CI: 0.26-0.77). Among Hispanics, the reverse was true -there were significant racial disparities in access to DD preemptive transplant prior to Share 35 (RR=0.55; 95% CI: 0.36-0.83) and there were no significant racial disparities following Share 35 (RR= 1.06; 95% CI: 0.82-1.36). These results suggest that although there were no statistically significant racial differences in preemptive DD transplant by era, access for blacks vs. whites appears to have declined following Share 35. Racial/ethnic disparities in access to LD preemptive transplant were consistent across both eras, where blacks and Hispanics were significantly less likely to receive a preemptive LD transplant.
Secondary Analyses
We compared dialysis exposure time in categories by race/ethnicity and donor source among patients transplanted. We found that both Hispanics and blacks comprised a substantially greater proportion of patients with greater than one year of dialysis exposure, regardless of donor source (42.4% Hispanics, 40.9% blacks vs. 27.4% whites for LD transplant recipients; 67.2% Hispanics, 63.5% blacks vs. 48.8% whites for DD transplant recipients) ( Table 4 ). We also noted that among all transplant recipients (preemptive and non-preemptive), there were stark racial/ethnic differences in the proportion of patients who received a preemptive LD transplant (19.8% of LD transplants were preemptive for whites vs. 6% among Hispanics and 4.4% among blacks) (p<0.0001). Similarly, racial differences were observed among all DD transplant recipients, where the proportion of DD transplants that were preemptive were 16.5% among whites, 10.1% among Hispanics, and 7.0% among blacks (p<0.0001) ( Table 5 ).
Among pediatric ESRD patients 2005-2009 who had information reported on receipt of pre-ESRD nephrology care, significant racial/ethnic and SES differences were observed. More than two-thirds (72.1%) of whites reported access to pre-ESRD nephrology care vs. 60.1% of Hispanics and 66.1% of blacks (p<0.0001). 71.3% of privately insured patients received pre-ESRD care vs. 69.2% of patients with public insurance and 33.0% of patients with no health insurance (p<0.0001). In crude log-binomial regression models, the incidence of LD preemptive transplantation was 24 times (RR=24.29; 95% CI: 10.05-58.73) and the incidence of DD preemptive transplantation was 10 times (RR=10.17; 95% CI: 5.03-20.57) higher among those who received pre-ESRD nephrology care compared to those who did not receive pre-ESRD nephrology care. In multivariable analyses restricted to patients from 2005-2009 only, adding pre-ESRD nephrology care to the multivariable-adjusted models attenuated but did not eliminate the racial disparity in access to LD preemptive kidney transplantation among Hispanics, but not black patients (results not shown).
To eliminate confounding by medical ineligibility, we repeated analyses among waitlisted (N=4,978) and transplanted (N=5,774) patients only and found consistent results (results not shown).
Discussion
This study is the first to examine the role of race/ethnicity and SES in access to preemptive kidney transplantation among a national cohort and the first study to closely examine differences in access to LD vs. DD preemptive transplant. In this comprehensive USRDS surveillance registry, only 13.9% of pediatric patients received a preemptive transplant over the decade-long study despite the many well-recognized increased risks to short-and longterm health associated with dialysis (vs. transplant) among children with ESRD. White patients made up less than half of the pediatric ESRD population, but comprised 71.8% of the preemptive kidney transplant population and received primarily LD transplants (75% LD vs. 25% DD) compared with black and Hispanic children, who received over 50% DD transplants. In adjusted analyses, racial disparities in access to preemptive DD transplant were largely explained by disease etiology. However, black ESRD patients still had a 22% lower incidence of DD preemptive transplant compared to whites in adjusted analyses, albeit differences were not statistically significant. However, when examining access to preemptive LD transplant, we noted that black patients had a 66% lower incidence and Hispanic patients a 52% lower relative incidence of LD preemptive transplant compared to whites, even after adjusting for demographic, clinical and socioeconomic factors.
These results are striking and require careful scrutiny to better understand why racial/ethnic differences in access to preemptive transplant should vary so dramatically by donor source. It is widely recognized in prior literature and also evident in our cohort that blacks and Hispanics experience ESRD more commonly due to systemic lupus erythematosus (SLE) and focal segmental glomerulosclerosis 33, 34 . In both diagnoses, active disease may preclude preemptive transplantation. For example, active nephrotics may need nephrectomies preceding transplant and SLE patients may require time to "burn out" their disease or achieve disease quiescence. Thus, it is not entirely surprising that disease etiology drives racial differences in access to preemptive transplantation. The more perplexing finding is why disease etiology did not explain reduced access to LD preemptive transplant. In order to answer this question, we must consider how barriers to preemptive transplantation might compare and contrast by donor source.
In our analyses, independent risk factors for increased access to preemptive transplant that were consistent for both LD and DD preemptive transplant included higher albumin, higher hemoglobin and private insurance, all of which represent proxies for early access to care. Certainly, preemptive transplantation from any source necessitates early access to care. Providers must recognize the progression of renal disease and refer patients for transplantation in advance of the need for dialysis. Indeed, in our secondary analysis of patients with data on pre-ESRD nephrology care, we observed a substantially higher incidence of LD and DD preemptive transplantation among those who did vs. did not receive pre-ESRD nephrology care. Additionally, preemptive transplantation was associated with private insurance. In many centers, patients and families must have a financial plan in place to cover medical expenses and the costs of immunosuppressive medications as a condition of transplant eligibility. On the contrary, for uninsured patients who become Medicare-eligible when they start dialysis, dialysis opens the opportunity for public insurance eligibility and also potentially creates the ability to cover the expenses of transplantation (at least for three years post-transplant). Although the expansion of public insurance coverage for impoverished children through the Children's Health Insurance Program has increased healthcare utilization and reduced out-of-pocket healthcare spending for low income families 35 , it has not necessarily reduced household financial hardship. A recent study by Saloner et al suggests that public insurance access does not significantly improve other deeply seeded problems of poverty, such as food insecurity and housing problems 36 . Low-income families may be particularly vulnerable to the financial burdens of living donation as they are more likely to live paycheck to paycheck and lack substantial savings 37 .
One factor that was independently associated with increased access to preemptive LD transplant but not preemptive DD transplant was living in wealthier neighborhoods. Contextual-level poverty has long been recognized as an adverse social determinant of health [38] [39] [40] . Stress associated with living in a poor neighborhood has been consistently associated with poor individual health 38 , and may be a barrier in obtaining a LD for an impoverished parent of a child with ESRD. A higher prevalence of hypertension 41 , diabetes 42 , obesity 43 , and ESRD 44 among minorities vs. white patients may preclude interested donors from eligibility 45 . Additionally, there may be greater social barriers among minorities living in poor neighborhoods. An impoverished parent eager to donate, particularly a single care provider, may be unable financially to miss work to complete a transplant evaluation or undergo transplant surgery. This parent may also be unable to pay for childcare during the evaluation or hospitalization. Impoverished neighborhoods are often associated with greater social fragmentation 39 and thus there may be less social support to help the parent and child through the transplant process, including less availability of living donors. It should be noted that the addition of neighborhood-level poverty to multivariable analyses modestly attenuated but did not eliminate racial disparities in access to LD preemptive transplant. This may be due to the fact that the contextual factors associated with poverty were not well captured with our ZIP Code poverty measure. Alternatively, there may be other unrecognized confounders, or other SES measures, that may better explain these racial/ethnic differences in preemptive transplant access.
Previous studies have documented racial disparities in several of the required steps a patient or patient's family must navigate before getting a kidney transplant among children and adults 25, [46] [47] [48] [49] . The long-term effects of racial discrimination, both structurally and personally-mediated, intentional and unintentional, are well established as causal factors for racial/ethnic differences in health outcomes in the U.S. and may contribute to the observed racial/ethnic differences in access to preemptive LD transplantation 50 . For example, patient race/ethnicity may influence physicians' beliefs about a patient's behaviors and likelihood of treatment success, which may lead physicians to bias treatment preferences by race 51 . Structural-based inequities such as national allocation based on HLA-B matching 52 and policies dictating immunusuppression drug regimen coverage 53 may influence disparities in transplantation. An unintended consequence of the Share 35 policy that preferentially allocates young (< 35 years) DD organs to pediatric ESRD patients is the significant decline in preemptive LD transplants among all pediatric ESRD patients, with the greatest reduction among minorities 26 . This pattern is consistent with national trends for non-preemptive kidney transplants as well 26 . It may be that in the current era of Share 35, when waiting lists are shorter for children with incident ESRD, impoverished families may perceive that the struggles to attain a living donor may not be worth the effort. In addition, providers may communicate the benefits of priority allocation differentially if they know a family is under significant financial hardship and may incur tremendous burden and stress in seeking a living donor. These questions are unable to be answered with national data but deserve further inspection at a qualitative level.
There are several limitations to the current study. First, we did not have sufficient power to examine access to preemptive transplant among other races/ethnicities. Due to a small number of preemptive transplants among minorities, our confidence intervals around incidence estimates are wide, and thus while estimates suggest racial differences in access to preemptive DD, there may have been limited power to detect true differences (type II error). Second, we have no data on potential donor networks and the role of patient and family preferences in donation for each patient, so we are unable to assess patient access to eligible living donors. In adults, among African Americans, fear 54 and lack of knowledge about the donation process 55 play a role in reduced donation, however a recent study in pediatrics showed that family/patient preference was not a significant reason why a patient was not listed and there was no significant difference in the percentage of patients not listed for family choice by race 56 . Third, our measures of SES are measured at one point in time and are likely inadequate in measuring a patient's poverty status. Census tract neighborhood poverty is preferred 57 , but are unavailable in registry data. We used neighborhood-level poverty as our measure of community-level SES. We did not have data on personal income, educational attainment or net worth which are other important measures of SES. Thus, we may be underestimating the effects of poverty on access to LD preemptive transplant. There are likely other unmeasured factors that play a role in disparities in access to preemptive kidney transplantation, such as SES before ESRD start.
Our study findings suggest that interventions to improve racial parity in pediatric access to kidney transplantation must consider a focus on improving access to pre-ESRD nephrology care to improve access to preemptive transplantation. Further, it should be noted that, among the patients transplanted (LD and DD) in this cohort over 58.6% of Hispanic and 60.1% of black children spent greater than one year on dialysis preceding transplant (vs. 36.2% of whites). Policy initiatives such as U.S. healthcare reform which permit and promote better utilization of primary care services for children in the US will promote early kidney disease recognition and increase opportunities for planned transplantation in advance of the need for dialysis, particularly among minorities who are disproportionately represented among the uninsured and underinsured. Furthermore, once patients are referred for transplant evaluation, culturally-sensitive programs that improve patient and family education 58 and help patients progress through transplant steps 59 may be important to augment support for minority patients and families and reduce time on dialysis. The stark racial/ethnic differences we observed in access to LD preemptive kidney transplantation among pediatric ESRD patients need further exploration so that specific barriers to LD preemptive transplantation for minority children may be overcome. To truly attain racial parity in transplant access and outcomes in pediatric ESRD, a system must be implemented to optimize the receipt of the best quality kidneys for children, including optimizing opportunities for all children, regardless of race/ethnicity and SES, to receive the bestmatched organs from living donors when feasible. Although Share 35 has improved access to DD transplantation for children, promoting access to LD transplantation for children is not currently recognized as a priority on a national level. While there is much debate about the ethics of incentivizing donors, identifying interventions that will overcome barriers to donation for motivated donors should not meet with such controversy.
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End Stage Renal Disease The overall incidence of living donor (Panel A) preemptive transplant significantly declined among whites (p<0.0001), but remained stable among Hispanics (p=0.8546) and blacks (p=0.2800). The incidence of deceased donor (Panel B) preemptive transplant increased significantly among whites (p=0.0044) and Hispanics (p=0.0080), but not blacks (p=0.5815). Across all types of health insurance coverage, white pediatric ESRD patients had a higher incidence rate of a living donor (LD) preemptive kidney transplant (Panel A) and a deceased donor (DD) preemptive kidney transplant (Panel B) compared to Hispanics and blacks. Am J Transplant. Author manuscript; available in PMC 2014 July 01.
